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Materials and Methods

Abstract
Ipsdienol is an important pheromone component for pine engraver
beetle, Ips pini. Ipsdienol is a ten carbon monoterpenoid secondary
alcohol and ipsdienone is the corresponding ketone. We are
characterizing the activity of recombinant IDOL DH produced in Sf9
(insect) cells. The enzyme has a high stereospecificity: (-) ipsdienol
was found to be a substrate while (+)-ipsdienol was neither a
substrate nor inhibitor. Closely related monoterpenoids, such as
nerol, geraniol, and citral, were neither substrates nor inhibitors.
Smaller compounds, such as 2-propanol, also failed to act as an
inhibitor or substrate. This indicates the binding site of this enzyme
is highly selective. Gailure to act as an inhibitor most likely indicates
these compounds bind weakly. (-)-Ipsdienol, ipsdienone, ipsenol,
and ipsenone are substrates. Interestingly, menthone, a cyclic
analog of ipsdienol, was found to have substrate activity. Results
from gel permeation chromatography shows the active conformation
of IDOL DH is a tetramer. Together these results suggest IDOLDH
has a highly specific substrate binding site, and is a key component
in pheromone biosynthesis.
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Spectrophotometry
IDOL DH belongs to the class of alcohol dehydrogeanses
which catalyzes the following reaction:
ROH + NAD(P)
R=O + NAD(P)H.
We follow the consumption of the cofactors NADPH or NADP
by spectrophotometery (NADPH absorbs at 340nm).
The reaction stock was composed of 66.7mM sodium
phosphate buffer and 0.833 mM NADP or 0.167 mM NADPH.
The reaction was initiated with either enzyme or substrates
(concentrations varied).

Gel Permeation Chromatography
Gel permeation chromotography was used to determine the
molecular weight of the enzyme’s active form. Each sample
(blue dextran, cytochrome c, hemoglobin, and IDOL DH) was
run through a Sephadex G100 column. Twenty drops were
collected and analyzed by measuring the absorbance to each
respective wavelength. IDOL DH fractions were assayed as
described above.

Introduction

Table 1: Km and Vmax of putative substrates. The best
terpenes are (-) ipsdienol and ipsenone. However the
other substrates are comparable
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Figure 3. Michaelis-Menton
predicts: A.) Velocity versus
substrate concentration. The
hyperbolic curve indicates this
enzyme has no allosteric
effectors. The enzyme sites are
not interacting with another site.
B.) Velocity versus enzyme
concentration. This is an
unfractionated protein, but the
linear line indicates there are no
indogenous activatrs and there
are no evidence of cell modulation
C.) Product versus time.
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Figure 6. The active form of IDOL DH as a tetramer.
DNA analysis determined the molecular weight of one subunit
of IDOL DH was about 27kDa. A) Cytochrome C. B)
Hemoglobin. C) Elution profile. Gel permeation
chromatography allows us to follow the enzyme’s catalytic
activity and not by its mass. D) Calibration column. The
standard curve allowed us to determine IDOL DH as a
tetramer
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Conclusion
Figure 4. Compounds tested. The boxed compounds are known substrates
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Figure 1. Mevalonate pathway leading to the production of
pheromone compounds, ipsdienol and ipsenol (Blomquist et al.,
2010). IDOL DH converts (-)-ipsdienol and NADP to ipsdienone and
NADP. This reaction can also be reversed. Enzymes that are boxed were
found near IDOL DH in microarray analysis.

1. Pioneer bark beetle attack host pine tree.
2. Pine bark beetle produce aggregation pheromones, which are
induced by feeding.
3. Pheromone compound signals other bark beetles
4. Bark beetles mass attack the host pine tree
5. Bark beetles overwhelm the tree’s defense (1).
Microarrays confirmed the upregulation of mevalonate pathway and
potential proteins involved in pheromone biosynthesis. Ipsdienol
dehydrogenase (IDOL DH) was among one of the unregulated
genes (2). Preliminary research has shown recombinant IDOL
DH can oxidize R-(-)-ipsdienol to ipsdienone and also catalyze
the reverse reaction. Research into pheromone production may
thus provide new leads for measures to control this economically
important pest. Here, I present the characterization of IDOL DH
from I. pini in order to assess its role in pheromone biosynthesis.

Figure 5. Oxidation and Reduction reaction with IDOL DH and SF9 cells.
SF9 cells have no reaction with any of the substrates tested.
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Figure 2: Catalytic mechanism of alcohol dehydrogenase.
Alcohol dehydrogenases are random sequential bi-bi mechanism.
Alcohol or NADP can bind first.There are three forms of this enzyme:
free enzyme (E) and two Michaelis complexes (ES1S2, ES1’S2’) (Image
from Dickinson and Monder, 1973).
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My work indicates this enzyme evolved to be a specific
catalyst for interconversion. This is supported by the
following observations:
•IDOL DH has a highly specific substrate binding site.
Related terpenoids, such as nerol, geraniol, and citral,
were not substrates nor inhibitors for IDOL DH.
Smaller compounds, such as 2-propanol, failed to act
as an inhibitor or substrate
•IDOL DH has a high stereospecificity; (-) ipsdienol was
found to be a substrate while (+) ipsdienol was neither a
substrate nor inhibitor.
•Menthone, a cyclic terpenoid, is a substrate but not an
inhibitor.
This shows the importance of the catalytic substrate
binding site of this enzyme. The structures of other
related terpenoids were flexible; however, menthone is a
rigid structure due to its cyclic conformation.
•These activities are only found in infected cells
•The active conformation of IDOL DH is a tetramer.
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